Introduction
Biomass is the renewable energy source with the highest potential to contribute to the energy needs of modern society, which yields solid, liquid and gaseous fuels [1] .
Vegetable oils or animal fats can be a suitable source of fuel or hydrocarbons under the right processing conditions. These materials can be pyrolyzed to produce hydrocarbon-rich liquid fuels and supplant a fraction of petroleum-based distillates and petrochemicals, including some low molecular weight olefins [1, 2] .
Pyrolysis/cracking of vegetable oils is a simple and effective method of their processing into fuels, petrochemicals and other products, which is compatible with the technological equipment of modern refineries.
the external diameter of 50-100 nm and the inner lumen diameter range of 10-15 nm. The specific surface area of this clay is 25.6 m 2 /g, and specific pore volume is 0.08 cm 3 /g, of which >99 % correspond to mesopores. The different chemical composition of the outer and inner sides of halloysite nanotubes explains why halloysite has unique properties not provided by other clay nanotubes [22, 23] .
Experimental
Non-refined cottonseed oil was obtained from Azersun Holding Ltd (Azerbaijan Comp.).
Halloysite was obtained from Sigma Aldrich (USA). The thermal analysis of clay was carried out using a STA 449F3 "Jupiter"(NETZSCH, Germany) analyzer. Thermal studies were performed in the nitrogen flow with a temperature ramp from 25 o C to 900 o C at 10 o C/ min. Samples of halloysites, before and after testing and regeneration, have been characterized by the X-ray diffraction using a TD3500 (China) diffractometer.
The thermal cracking of cottonseed oil was carried out in a laboratory flow unit in the temperature range of 700-800 °C, with a mass feed rate of 20 h -1 , and a water vapour content in the feed of 5 %. Quartz chips were used as the heating surface.
The catalytic cracking process of cottonseed oil was carried out in the same laboratory flow unit, in the temperature range of 500-800 °C, with a mass feed rate of 20 h -1 and a water vapour content in the feed of 5 %. The halloysite catalysts fraction of 0.5-0.7 mm used for testing was prepared by pressing the clay powder into pellets at a pressure of 10.0 MPa, then crushing and milling pellets with a pestle and a mortar followed by sieving.
Results and Discussion

Effect of thermal treatment on the halloysite characteristics
Typical curves of thermal analysis for the initial clay sample are shown in Fig. 2 . At 125 o C and below, weakly bound inter-layer water was removed, while at 490-560 o C, sample has been dehydroxylated (hence, chemically bound water was removed). Both processes provide together a loss of approximately 24% of the total initial mass. In both regions endothermic effects due to removal of water are observed in the differential thermal analysis curve (DTA, dashed line in Fig. 2 ) followed by the exoeffects due to clay structure rearrangement (vide infra).
In Figure 3 , diffraction patterns of the initial halloysite sample (a), calcined in air at 650 o C (b), and regenerated after the experiment (c) are shown. As seen from this Figure, the first diffraction pattern belongs to highlycrystallized sample and correspond to diffraction pattern of mineral halloysite well-known from the literature [24, 25] . The second (b) and third (c) diffraction patterns show minimal differences and are typical for an amorphous samples of halloysite. Sample amorphization apparently occurred during the dehydroxylation stage. During the first , the halloysite sample easily loses interlaminar water and transforms to methalloysite with contraction of the lattice and increasing the structure ordering, which explains first observed exoeffect in Fig. 2 . The second stage of halloysite dehydroxylation removes the chemically bound water, which is accompanied by some material shrinkage. Methalloysite Al 2 O 3 •2SiO 2 formed as a result of this halloysite dehydration is nearly amorphous. In the temperature interval of 550-850 o C, the amorphous methalloysite is decomposed into the mixture of γ-alumina and silica nanocrystallites, which is reflected in the appearance of the second exo-effect in Fig. 2. 
Transformation of cottonseed oil
The composition of hydrocarbon products of the catalytic or thermal conversion of cottonseed oil is shown in Tables  1 and 2 , respectively. As seen from the Table 1 , increasing the temperature from 500 to 800 °C increases the yield of the gas fraction in the catalytic process from 13.9 to 91.9 wt. %. By increasing the temperature from 500 to 600 °C, the content of the ethylene in the hydrocarbon gases increases by 3.5 times to a total percentage of 16.1 wt. %. At this temperature, the weight percent of propylene is 9.2%. A further increase in the temperature to 700 ° C leads to the increase in the yield of ethylene (up to 31.8 wt. %) and propylene (up to 16.3 wt. %). At this temperature, the yield of higher olefins (propylene and butylenes) is much higher in the catalytic process than in the thermal cracking.
Increasing the process temperature to 800 °C increases the yield of both ethylene and propylene, which testifies the robustness of the halloysite catalyst properties, even at such high temperatures.
The halloysite catalyst used for this research showed stability of the performance over 60 hours of time-onstream.
Conclusion
Based on these results, we can conclude that halloysite can be used as catalyst for the catalytic pyrolysis of cottonseed oil to obtain low-molecular olefins, with the potential of obtaining a higher yield of propylene. 
